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Goal: study paramagnetic proteins with XMCD
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X-ray Magnetic Circular Dichroism
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Dipole selection rules:

∆l=-1,+1

∆ml=0, -1,+1

∆ms=0





Magnetization of a paramagnetic system

B-field

J calculated with Hund‘s rules

crystal field can lead to (full
or partly) “quenching”  of
orbital momentum

( )JxBJg
V

N
M BJ ,????=

( ) √
↵
��

�
√

↵
��

�
 ++= xxJx

2J

1
coth

2J

1
-

2J

1)(2J
coth

2J

1)(2J
,B 

Tk

HJg
x

B

BJ=



0 2 4 6
0

0.5

1

1.5

2

2.5

0 2 4 6
0

0.2

0.4

0.6

0.8

1
V4+

V3+

V2+

Magnetization without and with a
partly quenched orbital momentum

Sample temperature 2.6K



Magnetization without and with a
partly quenched orbital momentum

Sample temperature 3.1K
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Q&Heat flow equation:

What is the sample temperature?
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 for a certain heat load  and thermal conductivity κ(T)
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XMCD on PhTttBu Ni(II)-Cl
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ACS Ti reduced at 6T and 2.2K (Ni-edge)



ACS Ti reduced at 6T and 2.2K, (Ni-edge)
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Summary

XMCD on paramagnetic 3d transition metals require:

B-fields ≥ 4T and temperatures ≤ 4K

Biological samples have limited thermal conductivity

Heat shielding necessary to obtain low sample temperatures

Ni-Azurin shows XMCD signal on the Ni site


